Calibration of the ATLAS hadronic end-cap calorimeter by Brettel, H et al.
Calibration of the ATLAS Hadronic End-Cap Calorimeter
Brettel H., Cwienk W.D., Kurchaninov L., Oberlack H., Schacht P.
Max-Plank-Institute for Physics, Munich, Germany
Jusko A., Strizenec P.
IEP SAS, Kosice, Slovakia
On behalf of the ATLAS HEC Collaboration
Abstract
The calibration chain of the HEC is described. A model
based on detailed studies of all individual parts is pre-
sented. The characteristics of the steering and data taking
system for both the test-beam runs and for the acceptance
tests of the HEC modules is summarized. The calibration
and signal reconstruction procedure is developed and re-
sults of the test-beam data are presented.
1 INTRODUCTION
The calibration of the electronics chain should
- equalize the gains and improve the possible response
nonlinearities of all channels, since any imperfection
will result in an increase of the constant term in the jet
energy resolution [1];
- keep track of timing stability and provide the correc-
tions in case of exceeding predefined level;
- ensure the transfer of energy calibration results from
the test beam setup to the real data taking environ-
ment.
The principle of the electronic calibration system for
the hadronic end-cap calorimeter in ATLAS closely fol-
lows the one used by end-cap EM calorimeter. The cali-
bration pulser developed in Kosˇice was tested during test-
beams with prototype modules and module-0 of HEC dur-
ing 1997-1998. It was proved that pulser fulfill all require-
ments, but because of unification of front-end electronics
for all liquid argon calorimeters in ATLAS, the decision of
implementing the unified calibration board [4] was taken.
Therefore in all test-beams in the 1999-2000 years this
board was used and all results presented here are from this
tests.
2 CALIBRATION
The detailed studies of the influence of the calibration accu-
racy on the jet energy resolution - one of the main tasks of
the HEC calorimeter - were made [1] as well. It turned out
that imperfections of the electronics are propagated only
to the constant term of the jet energy resolution formula.
Therefore, to reduce an influence of the calibration system
to a tolerable level, its accuracy must be better than 1 %.
This requirement is approximately four times less stringent
than that for the EM calorimeter. On the other hand the re-
quirements for measuring muons force the calibration sys-
tem to be able to work in the extremely low signal region
also.
2.1 General Layout
Longitudinally the readout cells of the HEC calorimeter are
combined into four sections in ratios 8:16:8:8 (Fig. 1). A
HEC calorimeter readout cell consists of two detector pads
(EST structures ??). Each signal from an energy deposit
in a readout cell is amplified by the preamplifier connected
to it. 8 preamplifiers are combined into one MPI GaAs
HEC chip. The signals of 4 or 8 preamplifiers resp. in
one longitudinal section are summed up by a ”summing
amplifier”, forming the signal of the readout channel.
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Figure 1: Layout of ATLAS HEC module
The voltage pulse of one generator is sent through high-
quality 50 Ohms coaxial cable to the strip line board lo-
cated close to the detector pads To reduce the number of
cables, one generator signal is splitted to three on the cali-
bration distribution board (CDB) at the back plane of each
module. Then each of these three signals pulses up to 32
readout cells (16 preamplifiers) through the correspond-
ing calibration resistors simultaneously. Such a calibration
scheme is sensitive to the attenuation of the signal in the
cables. The strip line board is mounted parallel to the beam
direction into the notch between two neighboring longitu-
dinal sections in pseudo rapidity.
In addition this solution requires very good uniformity
of the calibration signal distribution to the individual cali-
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Figure 2: Electronic chain used in ATLAS HEC test-beams
which resulted into a design of a calibration strip line ter-
minated by an adjusted termination resistor. The resulting
inhomogeneity over the whole length of one strip line is
less than 0.4 %.
2.2 Electronics chain
In order to meet all requirements and to understand the be-
havior of the full electronics chain, the special measure-
ments, as well as simulations was performed. The basic
elements of the chain (Fig. 2) are calibration pulser, split-
ting CDB, strip-line with calibration resistors, preampli-
fiers, preshapers, shapers, ADC’s and of course various ca-
bles. All cables are final ATLAS length and type, so the
chain used is very close to the final which will be used in
ATLAS.
The parameters found for various part of chain are used
in the parameterization of response function (see section
Reconstruction). The signals form and dynamic range is
sketched on Fig. 3
3 STEERING AND DATA TAKING
The setup for steering and data taking used during tests in
H6 beam in North Area consist from two computers, VME
steering and DAQ modules and calibration board (Fig. 4).
The computers are VME based RAID 8235 computer
and EP-LX v.1.3 operating system, used as VME master
for steering all VME based modules and the VME based
HP 9000/743 computer, used for data storing and monitor-
ing tasks. The Orsay version of the Calibration Board has
big format for FE crate, holds 128 generators and commu-
nication is done via VME based SPAC module. Service
Module (SM) is VME based clock server and synchroniza-




















Figure 4: Calibration setup in ATLAS HEC test-beams
particle or calibration) and optionally synchronizes them
with the clock. The output signals are
$ the Start and Stop signals leading to the TDC module
for trigger timing measurement
$ the calibration and FADC clock signals
$ the FADC stop signal.
The phase between the trigger and clock signal, used
only during calibration running in asynchronous mode, is
measured by TDC module.
The software developed for test beam usage evolved
from old TGT[7] calibration steering to the present ver-
sion running under EP-LX real time Unix clone and HP-
UX operating systems. On Fig. 5 is sketched the software
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Figure 5: Software modules and connections
The basic software module is the calibration steering
shell, called calsh. The main calsh tasks are:
$ the interactive access to the hardware modules via
command line interface
$ to store the measured calibration data either in local
file or send them out via TCP/IP connection
$ the interpretation of the commands received from
monitoring tasks i.e. performing required measure-
ments and sending the results back
Calsh cooperates with the readout part of DAQ li-
brary and with the caltp and caltpmon modules, based on
CALTCP Network Programmer’s Library [9].
The purpose of caltp module is to transform the mea-
sured data into network format and, using the TCP/IP con-
nection, transfer them to any machine where the caltpd dae-
mon is running. The caltpd daemon is simple task, receiv-
ing the data stream from the network, transforming it to
local format and storing it as binary file.
Another possibility is to drive the calibration runs re-
motely via network, which is used currently by monitoring
programs.
The calmon module is ROOT based [10] monitoring
module, which controls the basic parameters of electronics
(pedestal, noise and signal level, compares those with refer-
ence values, and allow interactively inspect various views
on the system. The module is using graphical user inter-
face and is based on Object-Oriented technologies. Calmon
use the services of caltpmon module to communicate with
calsh and to get back the measured data. Calmon version
which use the X-windows GUI, so called Xcalmon is used
for per day control of the system during the data-taking.
There exist also the extended batch version of moni-
toring program, which was used in 1998 for three-month
monitoring of cold electronics to meet the requirements for
PRR [8]. The batch version is without user interface, run-
ning autonomously, collecting the data, performing basic
analysis (shape fitting, gain computation) and storing the
results in database.
The concept of calibration steering is to be a shell-like
environment, to allow practically any type of measure-
ments, which are needed in the time of setting up and de-
bugging the electronics. The most typical measurements
are listed here.
$ continuously pulsing with defined signal level, with-
out read-out, for oscilloscope measurements
$ noise measurement with switching off the calibration
generators and reading the software generated ”ran-
dom triggers”
$ signal time position finding by varying the delay of
calibration pulse and read-out timing
$ cable-check with pulsing in sequence one by one all
the calibration generators, looking for the signal in all
channels, and comparing with cabling database
$ quick signal check pulsing all the channels with con-
stant pulse level
$ signal shape measurement by performing delay-scan
with fine delaying of calibration pulse through 25 ns
sampling time
$ gain and nonlinearity measurement pulsing all the
channels with different pulse levels
$ cross-talk measurements by pulsing one or few gener-
ators and reading all the neighboring channels
4 RECONSTRUCTION
Because the optimal filtering (OF) method for amplitude
reconstruction [5] is assumed to be used in ATLAS, a
knowledge of particle signal waveform is required. In or-
der to be able to use measured calibration waveform for
obtaining particle signal waveform, we have chosen to pa-
rameterize the impulse response of the read-out system.
The first choice, used for 1998 data, was based on the

















That time our knoledge of the electronics chain was not




. With ZR[ =8 the sufficient accuracy has
been achieved. The problem with this parametrization is
that the free parameters have no physical meaning and it
was very hard to keep the stability and reproduceability of
the fit. During 1998 and 1999 the detailed study of the
chain components has been done that gave the possibility to
fix many costants involved in 1. Following to the schemat-
ics on Fig. ??, the full expression of the calibration signal
















































































which after symbolic Inverse Laplace Transform leads to
unreasonably long expression in time domain. There are
two possible simplifications: (i) to calculate coefficients
>
9 numerically from function 2 and (ii) to simplify expres-
sion 2 to some reasonable level and use complete analytical
expression in time domain. For the analysis of data 1999




















































with free parameters V w and VPo fitted in time domain on
calib. data. Results of fitting the calibration signals, with
the residual are on Fig. 6. We restricted the fitting region to
the interval where 5 samples for the OF are located.
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Figure 6: Results of calibration signal fit by function 4
The main problems still remain at the signal beginning
and undershoot region, because of not taking into account
the effects of X-talk and still not fully described effect of
cables. Nevertheless the quality of shape fit is sufficient
to produce the optimal filter coefficients both for calibra-
tion and particle signals shape. The calibration ramp fitted,
together with fit residual, is on the Fig. 7
We see, that the largest residual , and still the main prob-
lem in the HEC calibration is the low signals region. Un-
fortunately, this is the region where the muon signal is ex-
pected, so it will be the main task in the near future to im-
prove the description and correct analysis of low signals.
The first improvement, which is now work out, will be
the developing of new procedure to obtain the particle sig-
nal shape “directly” from calibration shape, avoiding fit-
ting, which will be presented on the CALOR2000 con-
ference. The second improvement planned is the detailed
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Figure 7: Example of calibration ramps fitting
study of low signals from calibration pulser and its appro-
priate description.




















Figure 8: Linearity of the electron signals
But the present calibration procedure is working for the
electrons well (see Fig. 8, triangles are calibrated ampli-
tudes), and for pions sufficiently. The effect of X-talk to
signal shape is shown on the Fig. 9, where shape when all
generators are working simultaneously (there is the signal
in all readout channels) is compared with the shape when
only one generator is working (there is no signal in neigh-
boring channels).
5 SUMMARY
The various tests of the full calibration chain for the AT-
LAS HEC was performed during last years both on site in
the H6 cryostat and in lab. and description of all parts was
found. Basically the system is well understood.
The procedure to obtain the particle signal shape from
the calibration one, based on fitting the data by simplified
version of response function (4) and to compute the optimal
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Figure 9: X-talk influence on the signal shape
filter coefficients, was setted up. The results of test-beam
data analysis shows, that procedure is working for electrons
and pions well.
The improvement of this procedure is foreseen, mainly
for the low signals reconstruction procedure, new method
for computing the particle shape “directly” from calibration
one implementation, and X-talk effects taking into account.
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